Purpose. To evaluate treatment outcomes after intramedullary nailing using Ender nails for diaphyseal forearm fractures. Methods. 11 male and 9 female patients aged 6 to 15 (mean, 12) years underwent intramedullary nailing using Ender nails plus cast immobilisation for fractures of both the radius and ulna after conservative treatment had failed. Results. After a mean follow-up of 24 (range, 12-30) months, results were excellent in 14 patients, good in 5, and fair in one. None was poor. The mean operating time was 36 minutes. The mean time to bone union was 10 (range, 7-12) weeks. The mean time in the cast was 6 (range, 4-11) weeks. The mean time to implant removal was 8 (range, 6-10) months. All patients regained a full range of elbow movement, except in one who had limited supination and pronation (<20º) due to a degree of malrotation. Two patients had pain
INTRODUCTION
The standard treatment for forearm fractures in children and adolescents is usually conservative, but re-displacement during casting may occur and result in limitation of function. 1 To achieve anatomic reduction, surgical management using plates, 2, 3 intramedullary rods, 4 and external fixation 5 have been advocated. We evaluated treatment outcomes after intramedullary nailing using Ender nails for diaphyseal forearm fractures.
MATERIALS AND METHODS
Between May 2006 and October 2008, 11 male and 9 female patients aged 6 to 15 (mean, 12) years underwent intramedullary nailing using Ender nails plus cast immobilisation for fractures of both the radius and ulna after failure of conservative treatment. The correction had been lost during casting and attempts at closed reduction under general anaesthesia had failed. Unacceptable reduction was defined as angulations of >20º for children aged <10 years, or angulations of >15º for children aged ≥10 years.
The mechanisms of injury were motor vehicle accident (n=5), fall during sporting activities (n=11), and bicycle accident (n=4). According to the AO classification, 6 6 fractures were type A, 9 were type B, and 5 were type C. Surgery was performed within 12 to 19 (mean, 15) days of the injury. The fractures were located in the upper (n=10), middle (n=8), and lower third (n=2) of the diaphysis of the radius (n=4), ulna (n=3), or both (n=13), involving 13 right and 7 left forearms.
With the patient under general anaesthesia, the radius was pinned from distal to proximal through a small oblique hole just proximal to the physis, whereas the ulna was pinned from proximal to distal through a hole just distal to the olecranon apophysis ( Fig. 1) . The nail diameter needed to be about two thirds of the diameter of the medullary canal, ranging from 2.5 mm (n=18) to 3.5 mm (n=2). When the nail reached the fracture site, manipulation and traction were performed under image intensifier control, and then the nail was pushed into the other fragment (Fig. 2) . In 2 patients, a small additional incision at the fracture site was necessary to reduce the radius. To avoid skin irritation, it was necessary that the nail ends not project from the bone by >5 mm. The length of the nail was measured preoperatively on radiographs of the healthy forearm. The nails were buried and the skin was closed. An above-elbow plaster cast was applied until sufficient bone healing ensued.
The patients were followed up every 2 weeks for the first 2 months, and then monthly thereafter. At the final follow-up, clinical outcomes were graded according to the system described by Price et al. (Table) .
RESULTS
After a mean follow-up of 24 (range, 12-30) months, results were excellent in 14 patients, good in 5, and fair in one. None was poor. The mean operating time was 36 minutes. The mean time to bone union was 10 (range, 7-12) weeks. The mean time in the cast was 6 (range, 4-11) weeks. The mean time to implant removal was 8 (range, 6-10) months.
All patients regained a full range of elbow movement, except in one who had limited supination and pronation (<20º) due to a degree of malrotation. There was no intra-operative complication, refracture, non-union, delayed union, or deep infection. Two patients had pain owing to nail protrusion. One patient had a superficial infection, which resolved after oral antibiotics and daily dressings. One patient had transient neurapraxia affecting the superficial branch of the radial nerve.
DISCUSSION
Diaphyseal forearm fractures comprise 6 to 10% of all fractures in children. 8 Most such fractures can be treated conservatively with excellent results. When closed reduction is unsuccessful, 9,10 surgical treatment is deemed necessary when malalignment is >15º, in order to avoid poor functional outcomes. Treatment should be minimally invasive and aim at preventing long-term functional deficits. 11 Open reduction and plate fixation is associated with higher rates of complications like infection, synostosis and re-fracture. 10 The long scars and the risk of nerve injury during plate removal (because of difficulty in identifying the nerve in the presence of adhesions and fibrosis) make intramedullary nailing more preferable. 12 Various types of nails have been used including the Kirschner wire, Steinmann pin, Lottes forearm medullary nail, and forearm interlocking intramedullary nail. 13 Kirschner wires and Rush nails are rigid and difficult to insert through the metaphysis of children's bones. Enders nails were devised to overcome this problem, 14 using 3 points of stability: the insertion site at the metaphysis, the contact of the apex of the nail with the inner wall of the cortex close to the fracture site, and the anchoring of the tip of the nail into the opposite metaphysis. The flexibility of the implants facilitates callus formation by enabling minimal movement in the fracture gaps. 8 The distal approach is the most convenient for both the radius and ulna, avoiding elbow pain in the proximal ulnar incision. 15 We prefer the proximal approach for the ulna, because the medullary canal of the distal ulna is much narrower and pin insertion more difficult. Nevertheless, to avoid the irritation from the ulnar pin at the elbow, we prefer insertion of the pin below the olecranon apophysis through a lateral incision in relation to the anconeus.
Single-bone fixation is technically easier and involves less operating time; stabilisation of ulna prevents the development of a cosmetically unacceptable bow and provides a fulcrum against which the radius can be maintained in an improved position. 16, 17 However, re-displacement of the nonfixed bone and loss of reduction may occur. 18, 19 Mobilisation of the limbs and range-of-motion exercises are recommended to optimise soft-tissue and bony healing. 4, 15 Nonetheless, re-displacement 
